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ABSTRACT: To prepare new phosphorescent iridium(III) emitters, 2-
phenyl-6-(1-phenyl-1-(pyridin-2-yl)ethyl)pyridine (H2L) has been
designed and its reactions with [Ir(μ-Cl)(η4-COD)]2 (1, COD = 1,5-
cyclooctadiene) have been studied. The products obtained depend on
the refluxing temperature of the solvent. Thus, complexes Ir(κ4-
C,C′,N,N′-L)Cl(CO) (2), [Ir(η4-COD)(κ2-N,N′-H2L)][IrCl2(η4-
COD)] (3), and [Ir(μ-Cl)(κ4-C,C′,N,N′-L)]2 (4) have been formed
in 2-ethoxyethanol, propan-2-ol, and 1-phenylethanol, respectively.
Complex 4 reacts with K(acac) to give the acetylacetonate derivative
Ir(κ4-C,C′,N,N′-L)(acac) (5). Complexes 2 and 5 are efficient blue-
green and green emitters of classes [6tt+1m+2m] and [6tt+3b],
respectively. They display lifetimes in the range of 1.1−4.5 μs and high
quantum yields (0.54−0.87) in both PMMA films and 2-MeTHF at room temperature.
■ INTRODUCTION
Phosphorescent emitters based on iridium(III) display a rapid
intersystem crossing from the lowest-lying singlet to the triplet
excited states.1 Thus, they are capable of harvesting both
singlet and triplet excitons, which allows internal quantum
efficiencies close to unity in their organic light-emitting diode
(OLED) devices.2 This ability of the iridium(III) complexes
has situated their emitters at the forefront of the current
photophysics.3 The HOMO of these emitters comprises the
metal and its associated ligands, whereas the LUMO is
centered on π* orbitals of some ligand. Thus, the HOMO−
LUMO gap and the energy of the excited states may be
governed by selecting their ligands. That is why there is a
particular interest in emitters of this class bearing at least two
different ligands.4 The focus has been centered on derivatives
containing two different types of 3e-donor bidentate ligands
(3b and 3b′), commonly two orthometalated phenylpyridines
and an acetylacetonate (acac). These [3b+3b+3b′] emitters
are usually prepared through reactions of [Ir(μ-Cl)(3b)2]2
dimers with an acac salt.5 A remarkable feature of these
compounds is the mutually trans disposition of the pyridyl
groups in their octahedral structures, with the notable
exception of a few of them being stabilized by orthometalated
fluorinated phenylpyridines.6
The use of pincer ligands has allowed the design of new
families of phosphorescent emitters with promising applica-
tions for OLED fabrication, due to the high rigidity and
stability enforced by their framework.4a,j−l,7 The rigidity of the
resulting molecular configuration has a positive effect on the
thermally induced quenching because the nonradiative decay
pathways are significantly suppressed, including the metal-
centered d−d states.8 Tetradentate ligands increase the
strength of the metal−ligand binding, due to the interaction
of the metal center with four electron-donor points of the
ligand. Thus, they have been used as a tool to improve the
phosphorescence quantum efficiency of d8 metal complexes,9
even of those displaying weaker spin−orbit coupling and
thermally accessible metal-centered d−d states.10 In addition,
emitters with tridentate and tetradentate ligands give rise to
fewer problems of isomers and reactions of redistribution than
complexes stabilized by bidentate and monodentate ones, as a
consequence of the decrease in the number of ligands attached
to the metal for a given coordination index.
Tetradentate ligands with a planar skeleton have been the
most commonly used,11 while the photophysical properties of
Ir(III) emitters with nonplanar ligands (Chart 1) have received
scarce attention.12 An increase in the phosphorescence
efficiency has been attained by tethering the ortho-carboranes
attached to the 5 positions of ortho-metalated 2-phenylpyridine
ligands (complex A).13 2,7-Bis(2-(2-(4-(pyridin-2-yl)-
phenoxy)ethoxy)ethoxy)naphthalene has been employed to
Received: May 11, 2020
Articlepubs.acs.org/IC
© XXXX American Chemical Society
A
https://dx.doi.org/10.1021/acs.inorgchem.0c01377
























































































prepare cations B, to explore its use for white-light emission.14
Hung, Chou, Chi, and co-workers have prepared 2,2′-(1-(6-
pyrazol-5-yl)pyridin-2-yl)ethane-1,1-diyl)dipyridine molecules.
These precursors afford monoanionic tetradentate ligands
(7tt), which stabilize iridium(III) complexes of classes [7tt
+1m+1m] and [7tt+2b] (C and D, respectively). Complexes C
(R = H or tBu) showed no perceptible emission. However, the
substitution of the monodentate chlorides (1m) by a
bipyrazolate ligand (2b), to give D (R = H or tBu), produces
a dramatic increase in the emission efficiency.15 We have used
1,1-diphenyl-3,3-butylenediimidazolium iodide to prepare the
[6tt+3b] emitters E, which display blue-green emissions with
quantum yields close to unity.16 Lee, Chi, and co-workers have
recently replaced a peripheral pyridine in one of the organic
molecules (R = H), previously prepared by the the group of
Hung, Chou, and Chi, with a phenyl susceptible to ortho-C−H
bond activation. The resulting dianionic tetradentate ligand
(6tt) stabilizes mononuclear [6tt+1m+2m] (F) and binuclear
emitters. The diiridium compounds exhibited bright sky-blue
to green emission.17
In the search for Ir(III) emitters with a scaffold more rigid
than those of type [3b+3b+3b′], we have designed 2-phenyl-6-
(1-phenyl-1-(pyridin-2-yl)ethyl)pyridine, which is formed by
moieties 2-phenylpyridine and pyridine attached to a 1-
phenylethylidene linker by the ortho position of the pyridine
rings (Chart 2). Our aim was to use it as a precursor of a
dianionic C,C′,N,N′-tetradentate ligand. The study of the
reactions of this dipyridine with the [Ir(μ-Cl)(η4-COD)]2
dimer (1; COD = 1,5-cyclooctadiene), in different solvents,
has led us to the discovery of new phosphorescent emitters of
classes [6tt+1m+2m] and [6tt+3b]. This paper describes the
preparation of new dipyridine phosphorescent iridium(III)
compounds and their photophysical properties.
■ RESULTS AND DISCUSSION
Synthesis of the Dipyridine and the Emitters. 2-
Phenyl-6-(1-phenyl-1-(pyridin-2-yl)ethyl)pyridine (H2L) was
prepared as a white solid in 50% yield by nucleophilic aromatic
substitution of the fluoride substituent of 2-fluoro-6-phenyl-
pyridine by the anion 1-phenyl-1-(pyridin-2-yl)ethan-1-ide,
resulting from the deprotonation of the tertiary C(sp3) atom of
2-(1-phenylethyl)pyridine (Scheme 1).
Having successfully obtained the organic precursor, we
investigated its coordination to iridium(III). We were initially
inspired by the procedure used to prepare emitters [3b+3b
+3b′]. Thus, we tried to obtain an [Ir(μ-Cl)(6tt)]2 dimer via
the procedure commonly employed to generate the [Ir(μ-
Cl)(3b)2]2 dimers, i.e., by means of the treatment of complex 1
with the chromophore, in 2-ethoxyethanol, under reflux, for 24
h. However, under these conditions, the reaction of 1 with H2L
led to the [6tt+1m+2m] carbonyl derivative Ir(κ4-C,C′,N,N′-
L)Cl(CO) (2; νCO = 2011 cm
−1, δ13C 172.4), which was
obtained as a pale yellow solid in 59% yield (Scheme 2).
Complex 2 was characterized by X-ray diffraction analysis.
Figure 1 gives a view of the molecule. The structure proves the
coordination of both pyridines, the ortho-C−H bond activation
of both phenyl groups, and the presence of the carbonyl ligand.
Furthermore, it reveals a mutually cis disposition of the
pyridine groups [N(1)−Ir−N(2) angle of 89.5(2)°], which is
in contrast to that observed in emitters with two ortho-
metalated 2-phenylpyridines. The coordination polyhedron
around the iridium atom can be rationalized as a distorted
Chart 1. Ir(III) Emitters with Nonplanar Tetradentate
Ligands
Chart 2. Dipyridine Precursor of the Tetradentate Ligand
Used in This Work
Scheme 1. Synthesis of 2-Phenyl-6-(1-phenyl-1-(pyridin-2-
yl)ethyl)pyridine
Scheme 2. Preparation of Compounds 2−5, Including
Isolated Yields with Respect to 1
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octahedron with the metalated phenyl group of the 2-
phenylpyridine moiety in the trans position with respect to
the other pyridine ring [C(1)−Ir−N(2) angle of 167.2(3)°].
At the perpendicular plane, the metalated phenyl group
attached to the C(sp3) atom is situated trans to the chloride
anion [C(20)−Ir−Cl(1) angle of 168.8(2)°], whereas the
carbonyl ligand lies trans to the pyridine ring of the 2-
phenylpyridine unit [C(25)−Ir−N(1) angle of 171.6 (3)°].
The source of the carbonyl ligand of 2 is the reaction
solvent. The ability of iridium to promote the dehydrogenation
of primary alcohols to the corresponding aldehydes,18 which
undergo metal-promoted decarbonylation, to afford carbonyl
derivatives is well-known.19 To prevent the carbonylation of
the metal center, we changed 2-ethoxyethanol to a secondary
alcohol, 2-propanol, and repeated the reaction under refluxing
conditions. In this case, the desired [Ir(μ-Cl)(6tt)]2 dimer was
not obtained; instead, the orange salt [Ir(η4-COD)(κ2-N,N′-
H2L)][IrCl2(η
4-COD)] (3) precipitated (53%). The new
compound was also characterized by X-ray diffraction analysis.
Figure 2 shows the structure of the cation, which displays the
expected square-planar arrangement of ligands around the
iridium center with the dipyridine acting as a chelate [N(1)−
Ir−N(2) angle of 81.00(17)°]. The coordinated olefinic bonds
have lengths of 1.410(8) Å [C(25)−C(26)] and 1.390(8) Å
[C(29)−C(30)], which are longer than the CC bonds in the
free diolefin (1.34 Å)20 as expected for the usual Dewar−
Chatt−Duncanson model. In dichloromethane, the dipyridine
exchanges its position between the Ir(η4-COD) moieties of the
cation and the anion, even at 193 K. The process appears to
take place by dissociation of the dipyridine and the subsequent
coordination to the other metal center, according to the 1NMR
spectra of the salt that show signals characteristic of 1 and the
free ligand in addition to very broad resonances.
The formation of 3 reveals that the refluxing temperature of
2-propanol (83 °C) is not enough to reach the ortho-C−H
bond activation of the phenyl groups of the chromophore.
Then, we came back to repeat the reaction using 1-
phenylethanol as the solvent, which is also a secondary alcohol
but has a boiling point of 204 °C. This time, a complex mixture
was formed. Its treatment with dichloromethane yielded an
orange solid (18%), which fortunately corresponded to the
[Ir(μ-Cl)(κ4-C,C′,N,N′-L)]2 dimer (4), according to its
C,H,N-elemental analysis and MALDI-TOF spectrum ([M/
2]+ 562.0). This slight success encouraged us to directly treat
the mixture with K(acac) in tetrahydrofuran, for 1.5 h, at 60
°C. After the purification of the reaction crude by silica column
chromatography, the target complex Ir(κ4-C,C′,N,N′-L)(acac)
(5) was obtained as a yellow solid, in 34% yield with respect to
1. The formation of 5 was confirmed by X-ray diffraction
analysis. The structure (Figure 3) shows the same arrangement
of the tetradentate ligand as in 2 [N(1)−Ir−N(2) angle of
92.19(16)° and C(1)−Ir−N(2) angle of 169.15(18)°]. Thus,
the coordination polyhedron around the iridium atom can be
rationalized as the expected octahedron with O(1)−Ir−C(15)
and O(2)−Ir−N(1) angles of 172.22(16)° and 175.98(15)°,
respectively.
Figure 1. X-ray structure of 2 (50% probability ellipsoids). Hydrogen
atoms are omitted for clarity. Selected bond lengths (angstroms) and
angles (degrees): Ir−C(1), 2.018(8); Ir−C(20), 2.031(7); Ir−N(1),
2.042(6); Ir−N(2), 2.144(6); Ir−Cl(1), 2.4534(19); C(1)−Ir−N(2),
167.2(3); C(25)−Ir−N(1), 171.6(3); C(20)−Ir−Cl(1), 168.8(2);
N(1)−Ir−N(2), 89.5(2); C(1)−Ir−C(20), 98.7(3) (50% probability
ellipsoids). Hydrogen atoms have been omitted for the sake clarity.
Figure 2. X-ray structure of the cation of 3 (50% probability
ellipsoids). Hydrogen atoms are omitted for clarity. Selected bond
lengths (angstroms) and angles (degrees): Ir(1)−N(1), 2.137(5);
Ir(1)−N(2), 2.107(4); Ir(1)−C(25), 2.134(6); Ir(1)−C(26),
2.125(6); Ir(1)−C(29), 2.144(6); Ir(1)−C(30), 2.137(6); N(2)−
Ir(1)−N(1), 81.00(17) (50% probability ellipsoids). Hydrogen atoms
have been omitted for the sake clarity.
Figure 3. X-ray structure of 5 (50% probability ellipsoids). Hydrogen
atoms are omitted for clarity. Selected bond lengths (angstroms) and
angles (degrees): Ir−C(1), 1.996(5); Ir−C(15), 1.991(5); Ir−N(1),
1.976(4); Ir−N(2), 2.110(4); Ir−O(1), 2.148(4); Ir−O(2),
2.058(4); C(1)−Ir−N(2), 169.15(18); N(1)−Ir−O(2),
175.98(15); C(15)−Ir−O(1), 172.22(16); N(1)−Ir−N(2),
92.19(16); C(1)−Ir−C(15), 101.63(19) (50% probability ellipsoids).
Hydrogen atoms have been omitted for the sake clarity.
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Photophysical and Electrochemical Properties of
Complexes 2 and 5. The ultraviolet−visible (UV−vis)
spectra of 2-methyltetrahydrofuran (2-MeTHF) solutions of
these compounds are similar (Figure 4 and Figures S1 and S2).
Selected absorption data are listed in Table 1. For both
complexes, the main absorptions may be placed in three
groups: <320, 320−430, and >430 nm. Time-dependent
density functional theory (DFT) calculations [tetrahydrofuran,
B3LYP-GD3//SDD(f)/631G**] indicate that the absorptions
of the highest energy should be assigned to 1π−π* intra- and
interligand transitions, whereas those between 320 and 430 nm
are due to spin-allowed Ir-to-6tt charge transfer (1MLCT)
mixed with 6tt-to-6tt (ILCT, for 2 and 5) and acac-to-6tt
(LLCT, for 5) transitions (Table 1 and Tables S1−S4). The
absorption tails after 430 nm correspond to formally spin-
forbidden 3MLCT transitions, which are produced by the large
spin−orbit coupling introduced by the iridium center with
some contribution from the 3π−π* transitions.
The electrochemical behavior of 2 and 5 was also
investigated to gain more insight into their frontier molecular
orbitals. The study was performed using cyclic voltammetry in
a degassed acetonitrile solution, under argon, and the
potentials are reported versus Fc/Fc+. The results are listed
in Table 2 and shown in Figure S3. Complex 2 shows an
irreversible oxidation at 1.11 V, whereas 5 exhibits a quasi-
reversible oxidation at 0.42 V. However, no reduction peaks
were observed within the solvent window for any of the
compounds. Experimental HOMO levels calculated from the
respective oxidation potentials compare well with those
computed: −5.91 versus −5.71 eV for 2 and −5.22 versus
−5.05 eV for 5 (Tables S5 and S6 and Figures S4−S6). The
lower oxidation potential of 5 is consistent with its higher
HOMO energy level. The computed HOMO−LUMO gaps
are 3.98 eV for 2 and 3.71 eV for 5. The latter is similar to that
found for complexes Ir{κ2-C,N-[C6H3R-py]}{κ
2-C,N-[C6H4-
py]}(acac) (R = Br, Me, or Ph)21 and Ir{κ2-C,C-[C6H4-
ImMe]}{κ2-C,N-[C6H2R2-py]}(acac) (R = H or F),
22 which
display similar oxidations in the range of 0.36−0.51 V and have
no reduction peaks.
Complexes 2 and 5 are phosphorescent emitters upon
photoexcitation, in doped poly(methyl methacrylate)
(PMMA) at 5 wt % and room temperature and in 2-
MeTHF at room temperature and 77 K (Figure 5 and Figures
S7−S12). The former is blue-green emissive (468−508 nm),
whereas the latter is green (527−562 nm) (Table 3). The
difference is consistent with the computed HOMO−LUMO
gap, smaller for 5 than for 2. The emission spectra of 5 at room
temperature exhibit broad bands, whereas those of 2 display
vibronic structures according to panels a and b of Figure 5.
The spectra in 2-MeTHF at 77 K of both compounds display
Figure 4. UV−vis absorption spectra of complexes 2 and 5 recorded
in a 2-MeTHF solution (1.0 × 10−4 M) at 298 K.









strengthb transitionb character of the transitionb
Complex Ir(κ4-C,C′,N,N′-L)Cl(CO) (2)
236 12160 232 0.0891 HOMO → LUMO+9 (19%) ILCT/LLCT (6tt → 6tt + CO)
H-4 → L+3 (14%), H-2 → L+5 (10%) ILCT/LLCT (6tt + Cl → 6tt + CO)
274 5730 273 0.0237 HOMO → LUMO+5 (79%) ILCT/LLCT (6tt → 6tt + CO)
316 3280 312 0.0702 HOMO−2 → LUMO (66%) ILCT/LLCT (6tt + Cl → 6tt)
330 3440 329 0.0258 HOMO → LUMO+1 (93%) MLCT/ILCT (Ir + 6tt → 6tt)
384 1030 385 (S1) 0.0249 HOMO → LUMO (98%) MLCT/ILCT (Ir + 6tt → 6tt)
476 40 443 (T1) 0 HOMO → LUMO (53%)
3MLCT/3ILCT (Ir + 6tt → 6ttt)
Complex Ir(κ 4-C,C′,N,N′-L)(acac) (5)
228 5730 239 0.0159 HOMO−5 → LUMO+4 (41%) ILCT (6tt → 6tt)
258 2880 259 0.1275 HOMO → LUMO+7 (55%) MLCT/ILCT (Ir + 6tt → 6tt)
294 1730 298 0.175 HOMO−3 → LUMO (48%) ILCT (6tt → 6tt)
344 730 363 0.0481 HOMO−1 → LUMO+1 (86%) MLCT/ILCT/LLCT (Ir + 6tt + acac → 6tt)
408 400 426 (S1) 0.0145 HOMO → LUMO (88%) MLCT/ILCT (Ir + 6tt → 6tt)
462 40 476 (T1) 0 HOMO−1 → LUMO (52%) 3MLCT/3ILCT/3LLCT (Ir + 6tt + acac →
6tt)
HOMO → LUMO (27%) 3MLCT/3ILCT (Ir + 6tt → 6tt)
aIn 2-MeTHF. bComputed TD-DFT in THF.
Table 2. Electrochemical and DFT MO Energy Data for
Complexes 2 and 5
obs (eV) calcd (eV)
complex Eoxa (V) HOMOb HOMOc LUMOc HLGc
2 1.1d −5.91 −5.71 −1.73 3.98
5 0.42e −5.22 −5.05 −1.34 3.71
aMeasured under argon in an acetonitrile/[Bu4N]PF6 (0.1 M)
mixture, vs Fc/Fc+. bHOMO = −(Eox vs Fc/Fc+ + 4.8) eV. cValues
from DFT calculations. dAnodic potential (irreversible oxidation).
eE1/2
ox (quasi-reversible oxidation).
Inorganic Chemistry pubs.acs.org/IC Article
https://dx.doi.org/10.1021/acs.inorgchem.0c01377
Inorg. Chem. XXXX, XXX, XXX−XXX
D
vibronic fine structures. According to panels b and c of Figure
5, and a spin density plot (Figure 6), it appears that complex 2
has a dominating ligand-centered 3LC state, while complex 5 is
contributed by an admixture of metal to ligand charge transfer
(3MLCT) and ligand-centered (3LC) states. The emissions can
be attributed to T1 excited states, which originate mainly by
charge transfer transitions between HOMO→ LUMO (2) and
HOMO−1 → LUMO and HOMO → LUMO (5). Thus,
there is good agreement between the experimental emission
wavelengths and those calculated by estimating the difference
in energy between the optimized T1 and S0 states, in
tetrahydrofuran (Table 3). The lifetimes (τ = 1.1−4.5 μs)
are short and similar for both emitters. At room temperature,
the quantum yield (Φ) of 2 in PMMA (0.87) is significantly
higher than in 2-MeTHF (0.54); accordingly, the ratio
between the radiative (kr) and nonradiative (knr) rate constants
is >5 times larger in the film than in the solution. However, in
contrast to 2, complex 5 displays similar efficiencies in both
media (0.71 vs 0.66) and similar ratios between the rate
constants. The emission wavelength of 5 (552 nm) is red-
shifted relative to that of Ir{κ2-C,N-[C6H4-py]}2(acac) (516
nm).23
■ CONCLUDING REMARKS
This study has revealed that the new organic precursor 2-
phenyl-6-(1-phenyl-1-(pyridin-2-yl)ethyl)pyridine allows ac-
cess to iridium(III) complexes, which are efficient blue-green
and green emitters of classes [6tt+1m+2m] and [6tt+3b].
They are prepared starting from the [Ir(μ-Cl)(η4-COD)]2
dimer by fine-tuning the reaction conditions, in particular the
solvent, because primary alcohols carbonylate the metal center
and secondary ones must have a high boiling point to perform
the ortho-C−H bond activation of the phenyl groups of the
proligand. The designed ligand imposes a mutually cis
disposition of the two pyridine units around the metal center,
which is in contrast to that generally observed for compounds
bearing two orthometalated 2-phenylpyridines. The new
emitters display short lifetimes (1.1−4.5 μs) and high quantum
yields (0.87−0.54), particularly in PMMA (0.87 and 0.71).
■ EXPERIMENTAL SECTION
The general information about the experiments and the instrumenta-
tion is given in the Supporting Information. [Ir(μ-Cl)(η4-COD)]2
(1),24 2-(1-phenylethyl)pyridine,17 and 2-fluoro-6-phenylpyridine25
were obtained from published methods. In the NMR spectra (Figures
S13−S20), chemical shifts (parts per million) are referenced to
residual solvent peaks. Coupling constants (J) are given in hertz.
Synthesis of 2-Phenyl-6-(1-phenyl-1-(pyridin-2-yl)ethyl)-
pyridine (H2L). Oven-dried LiCl (1.4 g, 33.02 mmol) was added
to a solution of 2-(1-phenylethyl)pyridine (1 g, 5.46 mmol) in THF
(20 mL), under argon, which was cooled to −30 °C. Then, LDA (2
M, 3.55 mL, 7.10 mmol) was added dropwise over 10 min. The
reaction mixture was stirred at −30 °C for 1 h. After that, 2-fluoro-6-
phenylpyridine (0.95 g, 5.48 mmol) in THF (10 mL) was added
Figure 5. Emission spectra of 2 and 5 in (a) 5 wt % PMMA films at
298 K, (b) 2-MeTHF at 298 K, and (c) 2-MeTHF at 77 K.
Table 3. Emission Data for 2 and 5
complex calcd λem (nm) media [T (K)] λem (nm) τ (μs) Φ kra (s−1) knrb (s−1) kr/knr
2 PMMA (298) 474, 502 1.1 0.87 7.6 × 105 1.1 × 105 6.9
484 MeTHF (298) 478, 508, 541 2.0 0.54 2.7 × 105 2.3 × 105 1.2
MeTHF (77) 468, 503, 534 (sh) 2.9
5 PMMA (298) 551 2.2 0.71 3.3 × 105 1.4 × 105 2.4
526 MeTHF (298) 552 2.3 0.66 2.8 × 105 1.4 × 105 2.0
MeTHF (77) 527, 562 4.5
akr = Φ/τ. bknr = (1 − Φ)/τ.
Figure 6. DFT-calculated spin density of 2 and 5 at 0.002 au contour
levels for the T1 excited state.
Inorganic Chemistry pubs.acs.org/IC Article
https://dx.doi.org/10.1021/acs.inorgchem.0c01377
Inorg. Chem. XXXX, XXX, XXX−XXX
E
dropwise over 5 min. The reaction mixture was stirred at −30 °C for
30 min, warmed to room temperature, and heated to 70 °C for 10 h.
The reaction mixture was cooled to room temperature, quenched with
saturated NH4Cl(aq), and extracted with EtOAc. The combined
organic fractions were dried with MgSO4 and concentrated. The
residual was purified through silica gel column chromatography and
eluted with 0−10% EtOAc/hexane. The pure fractions were
combined to give 2-phenyl-6-(1-phenyl-1-(pyridin-2-yl)ethyl)pyridine
(0.92 g, 50%) as a white solid. 1H NMR (300 MHz, CD2Cl2, 298 K):
δ 8.59 (m, 1H), 7.98 (m, 2H), 7.70−7.57 (m, 3H), 7.48−7.35 (m,
3H), 7.35−7.20 (m, 3H), 7.17 (m, 4H), 7.07 (m, 1H), 2.37 (s, 3H).
13C NMR (75 MHz, CD2Cl2, 298 K): δ 167.4, 166.5, 156.0 (all Cq),
149.2 (CH), 148.9, 140.1 (both Cq), 137.2, 136.2, 129.4 (all CH),
129.3 (2CH), 129.1 (2CH), 128.5 (2CH), 127.3 (2CH), 126.7,
124.2, 122.7, 121.7, 118.0 (all CH), 58.5 (Cq), 28.7 (CH3).
Preparation of Ir(κ4-C,C′,N,N′-L)Cl(CO) (2). Complex 1 (300
mg, 0.447 mmol) and H2L (300 mg, 0.894 mmol) in 5 mL of 2-
ethoxyethanol were heated at reflux for 24 h. Then, a pale yellow solid
appeared. The suspension was decanted, and the solid was washed
with methanol (3 × 5 mL) and dried under vacuum. Yield: 310 mg
(59%). Crystals of 2, suitable for X-ray diffraction analysis, were
obtained at 4 °C by slow diffusion of pentane into a dichloromethane
solution of the complex. Anal. Calcd for C25H18ClIrN2O: C, 50.89; H,
3.07; N, 4.75. Found: C, 50.51; H, 3.16; N, 4.58. HRMS
(electrospray, m/z): calcd for C25H18IrN2O [M − Cl]+ 555.1044,
found 555.1141. Td5 = 370 °C (Figure S21).
26 IR (cm−1): ν(CO)
2011 (s). 1H NMR (400 MHz, CD2Cl2, 298 K): δ 9.31 (d, 1H, J = 5.3
Hz, CH py), 8.02 (dd, 1H, J = 7.5, 0.8 Hz, CH Ph), 8.00−7.92 (m,
2H, CH py), 7.85 (t, 1H, J = 8.0 Hz, CH py), 7.72 (dd, 1H, J = 7.4,
1.4 Hz, CH Ph), 7.68 (dd, 1H, J = 7.5, 0.8 Hz), 7.64 (dd, 1H, J = 7.7,
1.3 Hz), 7.51 (dd, 1H, J = 7.9, 0.8 Hz, CH Py), 7.36 (dd, 1H, J = 8.0,
1.2 Hz, CH Ph), 7.29 (ddd, 1H, J = 7.2, 5.6, 1.8 Hz, CH py), 7.24
(ddd, 1H, J = 7.5, 7.5, 1.4 Hz, CH Ph), 7.11 (ddd, 1H, J = 7.5, 7.5, 1.2
Hz, CH Ph), 6.97 (ddd, 1H, J = 7.6, 7.6, 1.5 Hz, CH Ph), 6.82 (ddd,
1H, J = 7.3, 7.3, 1.3 Hz, CH Ph), 2.63 (s, 3H, CH3).
13C{1H} NMR
(100.63 MHz, CD2Cl2, 298 K): δ 172.4 (CO), 167.1 (Cq py), 158.1
(Cq py), 157.4 (Cq py), 157.3 (CH py), 150.5 (Cq Ph), 145.1 (Ir−Cq
Ph), 140.4 (2CH py), 139.6 (CH Ph), 138.6 (Cq Ph), 137.2 (CH
Ph), 133.7 (Ir-Cq Ph), 131.1 (CH Ph), 127.3 (CH Ph), 125.2 (CH
Ph), 125.0 (CH Ph), 124.8 (CH py), 124.6 (CH Ph), 123.8 (CH Ph),
122.1 (CH py), 118.0 (CH py), 117.9 (CH py), 59.8 (Cq), 22.6
(CH3).
Reaction of 1 with H2L in Propan-2-ol under Reflux:
Formation of [Ir(κ2-N,N′-H2L)(η4-COD)][IrCl2(η4-COD)] (3). Com-
plex 1 (200 mg, 0.298 mmol) and H2L (200 mg, 0.596 mmol) in 5
mL of isopropanol were heated under reflux for 24 h. Then, a solid
precipitated. The resulting suspension was decanted, and the orange
solid was washed with methanol (3 × 5 mL) and dried under vacuum.
Yield: 159.2 mg (53%). Crystals of 3, suitable for X-ray diffraction
analysis, were obtained at 4 °C by slow diffusion of pentane into a
dichloromethane solution of the salt. Anal. Calcd for C40H44Cl2Ir2N2:
C, 47.66; H, 4.40; N, 2.78. Found: C, 47.31; H, 4.01; N, 2.59. HRMS
(electrospray, m/z): calcd for C32H32IrN2 [M]
+ 637.2191, found
637.2168; calcd for C8H12IrCl2 [M]
− 370.9936, found 370.9941. The
1H NMR spectrum in a CD2Cl2 solution shows an exchange of H2L
between the two Ir(η4-COD) moieties of the salt, even at 193 K
(Figures S17 and S18).
Preparation of [Ir(μ-Cl)(κ4-C,C′,N,N′-L)]2 (4). Complex 1 (200
mg, 0.298 mmol) and H2L (200 mg, 0.596 mmol) in 5 mL of 1-
phenylethanol were heated at 140 °C for 48 h. Then, the starting red
solution became very dark red. The resulting solution was evaporated
under vacuum until it was almost dry, and 5 mL of MeOH was added.
An orange solid appeared, which was treated with dichloromethane
until the mother liquors were colorless and dried under vacuum.
Yield: 60.3 mg (18%). Anal. Calcd for C48H36Cl2Ir2N4: C, 51.28; H,
3.23; N, 4.98. Found: C, 50.91; H, 3.52; N, 4.92. MALDI-TOF (m/
z): calcd for C24H18IrClN2 [M/2]
+ 562.1, found 562.0.
Preparation of Ir(κ4-C,C′,N,N′-L)(acac) (5). Complex 1 (200
mg, 0.298 mmol) and H2L (200 mg, 0.596 mmol) in 5 mL of 1-
phenylethanol were heated at 140 °C for 48 h. After this time, the
starting red solution became very dark red. The resulting solution was
evaporated under vacuum until it was almost dry, and 5 mL of
methanol was added. An orange solid appeared, which was washed
with methanol (3 × 5 mL) and dried under vacuum (168 mg).
Acetylacetone (153 μL, 1.49 mmol) and KOH (98 mg, 1.49 mmol) in
2 mL of methanol were added to a solution of the orange solid (168
mg) in 15 mL of tetrahydrofuran, and the mixture was stirred at 60 °C
for 90 min. The solvent was removed under vacuum. The resulting
residue was treated with 15 mL of dichloromethane, and the
suspension filtered off to afford an orange solution, which was
concentrated under vacuum. The addition of 5 mL of pentane led to a
yellowish orange solid, which was washed with 2 × 4 mL of pentane
and dried under vacuum. The solid was purified by silica column
chromatography using toluene with a gradual increase in the amount
of dichloromethane as the eluent, until a 1:1 toluene:dichloromethane
ratio was achieved. Yield: 128 mg (34%). Crystals of 5, suitable for X-
ray diffraction analysis, were obtained at 4 °C by slow diffusion of
pentane into a dichloromethane solution of the complex. Anal. Calcd
for C29H25IrN2O2: C, 55.66; H, 4.03; N, 4.48. Found: C, 55.33; H,
4.38; N, 4.21. HRMS (electrospray, m/z): calcd for C29H25IrNaN2O2
[M + Na]+ 649.1439, found 649.1447. Td5 = 334 °C (Figure S21).
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IR (cm−1): ν(CO) 1580 (s), 1514 (s). 1H NMR (400.13 MHz,
CD2Cl2, 298 K): δ 8.24 (ddd, J = 5.5, 1.7, 0.9 Hz, 1H), 7.88−7.77 (m,
2H), 7.62−7.55 (m, 2H), 7.54−7.50 (m, 2H), 7.48−7.44 (m, 1H),
7.34 (dd, J = 7.8, 1.2 Hz, 1H), 7.27−7.19 (m, 2H), 7.10 (ddd, J = 7.2,
7.2, 1.3 Hz, 1H), 6.98 (ddd, J = 7.3, 7.3, 1.3 Hz, 1H), 6.83−6.72 (m,
2H), 5.44 (s, 1H, CH acac), 2.59 (s, 3H, Me L), 2.16, 1.53 (both s,
3H each, Me acac). 13C{1H} NMR (100.63 MHz, CD2Cl2, 298 K): δ
185.0, 184.9 (both CO acac), 170.8, 160.8, 160.6, 160.5 (all Cq),
151.8 (CH), 164.9, 139.7, 138.2 (all Cq), 137.9, 136.9, 136.3, 134.2,
128.4, 125.5, 124.5, 124.0 (all CH), 122.9 (2 CH), 122.2, 121.6,
117.0, 116.0 (all CH), 101.4 (CH acac), 59.1 (CqMe L), 28.5, 28.3
(both Me acac), 22.8 (Me L).
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Loṕez, A. M.; Oñate, E.; Tsai, J.-Y.; Xia, C. η1-Arene Complexes as
Intermediates in the Preparation of Molecular Phosphorescent
Iridium(III) Complexes. Chem. - Eur. J. 2017, 23, 15729−15737.
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